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  Abstract: The swing amplitude of the piezoelectric cantilever can be improved via apply ing a nonuniform mag
netic for ce on its fr ee end. T he effect of the magnet ic fo rce on the resonant fr equency shift, output vo ltag e and output
power of the cantilever has been investig ated. T he results show ed that the output voltage and output power of the
cantilever could be im proved obv iously when a nonlinear magnet ic r epulsion fo rce was applied. When a 100 k resis
to r w as loaded and the v ibrato r ( LDS, L ing Dynamic System) was driv en by 0. 200 V sine wave voltage, the output
voltage and output power o f the cantilever , which w as composed of a piece of PLZT ( size of 75 mm  7. 8 mm  0. 35
mm) and a piece of brass ( size o f 80 mm  7. 8 mm  0. 10 mm) , w ere found to be 19. 02 V and 1. 8 mJ respectiv ely
at resonant frequency .
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1  磁增强压电悬臂梁的制作和性能测试
?????????? Pb1- 1. 5x Lax ( Zr0. 58
Ti0. 42 ) 1- 1. 25y NbyO 3 + 0. 01% Bi2O3 ( PLZT, x =
0. 06, y= 0. 02, ????)??????????
????,?? 1 285  ?? 90 min??????
75 mm  7. 8 mm  0. 35 mm ? 75 mm  7. 8 mm 
0. 20 mm ??????X ????( Philips Dual
X pert )???? PLZT ???????????
???????? 4. 0 kV / mm ???? 80  ?
? 10 min?????? ???? ??? ?




350 m ? PLZT ??????
表 1  PLZT 陶瓷片和厚膜的性能
?  ? ?? ?? ??
??/ mm 0. 200 0. 350 1. 230
????/ ( kV  mm- 1 ) 4. 0 4. 0 4. 0
d33 / ( pC  N- 1 ) 664 675 682
kt 0. 51 0. 51 0. 51
k 31 0. 31 0. 33 0. 33
 2 821 2 939 2 950
tan  ( 1 kH z) 0. 035 0. 031 0. 030
  ? PLZT ???????????? 100
m?? 80 mm?? 8 mm ???????????,
??????????????????????
????????? 5 mm  5 mm  1 mm(???
?? 2 mm) ? NdFeB ??, ??????










( < 100 Hz)??????, ??????????
? 0. 2 V ??????????????????
????????? HP Inf inium 54820A ???
???
2  结果与讨论
2. 1  ?????
??????,??????????????
????????????? x ,????? z??
????????,?????????????
T p= E p ( S1- g31D 3 ) (1)
E3 = - g31T p+ T33D 3 (2)
??: S 1= - z ?T p ??? x ????????,
?????; g31???????; Ep ?????
?????; D 3 ? E3 ??? z ????????









M= nw0z sz s- hp z T pdydz +w0z s- hph+ z s z Tm dydz=
  ( x- L )F (3)
??: L?W ? h ????????????,?? p
? m ?????????; n ???????;
T m= Em S1 ???? x ??????
????????????????????
???????????? [ 7]
U g ( F) =






U g ()= 9(1- )22 k231Ep A Wh3
32(1- + ) BL 3 2 (5)
??
A = 4(1- ) 2- 2(22- 3+ 2) ( 1- )+ 1 (6)
B= A (1- + ) (1+ k231 )- 32 (1- ) 2k231 (7)
k
2
31= Epg231 / T33 (8)
??: ??????????????; = Em / E p
??????; E m??????????; k31??













????????, ???? 1/ r 2 ?????? r
??????, ???????????????
?????????,???
r= 2L sin(/ 2) (10)
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2. 2  ??????????
? 3??????????????????
???????? 17 mm ??????????
?????????????????????
70 Hz,??????????? 170 k  ,????
????????????????? 92 Hz??
?? 120 k ?
? 3 ?????????
? 4??????????????????









































p p / 2R (12)
??: V p p????????; R ????????
???????????????, ??????






















75 mm  7. 8 mm  0. 35 mm ? PLZT?80 mm 
7. 8 mm  0. 10 mm ???????? 5 mm 
5 mm  1 mm ?10 mm  5 mm  1 mm ??? Nd
FeB??????????, ?? 100 k ???
?????????? 19. 02 V ? 1. 8 mJ???
?? 0. 200 V ???????
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  ?????????? 48 r / min,?????
?? 0. 67 W, ????? 19. 7%, ??????
0. 39 N m,?????? 22 mm ,???????
17. 7 N, ?????? 110. 5 mm/ s???????
?????, ?????????????? 150
r/ min,?????? 345. 4 mm/ s?
?????????? 44. 8 r/ min, ????
??? 0. 61 W,????? 18. 1%, ??????
0. 37 N m,?????? 22 mm ,???????
16. 8 N, ?????? 103. 2 mm/ s???????
?????, ????????????? 146. 4









?????,???????? 17. 7 N, ????
? 0. 67 W, ????? 19. 7% , ???????
345. 4 mm/ s?
????:
[ 1] ???. ?????????[ M ] . ??: ?????,
2007.
[ 2] POZZI M , K ING T . P iezo electr ic act uato rs in micr opo
sit ioning[ J] . Eng ineering Science and Education Jour
nal, 2001, 10( 3) : 3136.
[ 3] LIU Yung tien, H IGUCH I T . Precision positioning de
v ice utilizing impact fo rce of combined piezopneumat ic
actuato r[ J] . IEEE/ ASME Transactions on Mechat ron
ics, 2001, 6( 4) : 467473.
[ 4] BART H H V. U ltr asonic driv en moto r[ J] . IBM T ech
nical Disclo sur e Bulletin, 1973, 16( 7) : 2263.
[ 5] TOMIKAWA Y, KONDO T , OGASAWARA T . Fun
damental consider ations of ex citation of a flexur al pr o
g ressive w ave and its applicat ion[ J] . Jpn J Appl Phys,
1986, 26( 1) : 194196.
[ 6 ] KUROSAWA M , TAKAHASH I M , H IGUCH I T .
F riction dr ive surface acoustic wave mo tor [ J] . U lt ra
sonics, 1995, 34( 3) : 243246.
[ 7] TAKANO T , TOMIKAWA Y, OGASAWARA T . U l
tr asonic moto rs using piezoelect ric cer amic mult imode
vibrato rs[ J] . Jpn J Appl Phys, 1988, 27( 1) : 192194.
[ 8] ???,???. ?????? [ M ] . ??: ????
???, 1994.
[ 9] ???, ???.????????????????
[ J] . ?????? 2009, 20( 14) : 17171721.
H UANG Weiqing , MENG Yimin. Design o f a new type
o f piezo electric linear moto r based on nonresonant v i
bration [ J] . China Mechanical Eng ineer ing, 2009, 20
( 14) : 17171721.
  (上接第 88 页)
????:
[ 1] XING Zengping , L I Jiefang , V IEHLAND D. Giant
magneto electric effect in Pb( Zr, T i) Obimo rph/ NdFeB
laminate device [ J ] . Appl Phys Lett, 2008, 93 ( 1) :
013505013509.
[ 2] LOBONTIU N, LU PEA I, IL IC R, et al. M odeling, de
sign, and characterization of multisegment cantilevers
for r esonant mass detection [ J] . J Appl Phys, 2008, 103
( 6) : 064306064315.
[ 3] WANG Zhuo, XU Yong. V ibration energ y harv est ing
dev ice based on airspaced piezoelectr ic cantilevers
[ J] . Appl Phys Lett, 2007, 90( 26) : 263512263514.
[ 4] CHUNG H C, KUM MARI K L, CROUCHER S J, et
al. Development of piezoelect ric fans for flapping w ing
applicat ion[ J] . Sens Actuator s A, 2009, 149( 1) : 136
142.
[ 5] ALLAMEH S M , AKOGWU O, COLLINSON M , et
al. Piezoelect ric generato rs for biomedical and dental
applicat ions: Effects of cyclic loading [ J] . J Mat er Sci
Mater Med, 2007, 18( 1) : 3945.
[ 6] JEONG W Y, SH IH W Y, MUTHARASAN R, et al.
In situ cell detection using piezoelectr ic lead zir conate
titanatest ainless steel cant ilev er s [ J ] . J Appl Phys,
2003, 93( 1) : 619623.
[ 7] ???,???, ???,?. ???????????
??????[ J] . ??????, 2008, 16( 1) : 7175.
KAN Junw u, T ang Kehong , WANG Shuyun, et al.
Modeling and simulat ion o f piezoelectr ic cantilever g en
er ator s[ J] . Opt Pr ecision Eng , 2008, 16( 1) : 7175.
 92 ?  ?  ?  ?  ? 2011 ? 
